The p53 protein is known to trans-activate a number of genes by speci®c binding to a consensus sequence containing two decamers of the type: PuPuPuCA/TT/ AGPyPyPy. In order to identify new p53 trans-activated genes, we de®ned a set of criteria for computer search of p53-responsive elements. Based on experimental data, we proposed an extended consensus sequence composed of the two decamers of the El-Deiry consensus sequencē anked by two additional ones. A maximum of 3 bp substitutions was accepted for the two decamers of the El-Deiry consensus sequence, as well as for each additional decamer, except when the two decamers of the El-Deiry consensus sequence are contiguous. In this case, each additional decamer is allowed to bear one base insertion or deletion between the median C and G. This set of criteria was validated by identifying within the promoter region of the IGF-BP3 gene the existence of a novel p53-responsive element whose functional signi®-cance was veri®ed. By limiting our computer search to Vertebrate genes involved in cell cycle regulation, cellular adhesion or metastatic processes and to gene families most often found in HOVERGEN database, 7785 gene sequences were ®rst analysed. Among the oncogenes, kinases, proteases and structural proteins, 55 new genes were selected; six of them were retrieved in more than one species
Introduction
Several convergent observations have established that p53 protein is a regulatory factor which controls progression through the cell cycle by provoking an arrest in G 1 and G 2 phases in response to DNA damage (review in Ko and Prives, 1996) . This block is exerted to allow the cell to repair the genomic alterations, or depending on the external conditions, to lead to cell suicide by activating a cell death program (review in Ko and Prives, 1996; White, 1996; Yonish-Rouach et al., 1996) . P53 is a transcription factor which exerts its function mainly through binding to a speci®c DNA responsive element. Some of the target genes identi®ed so far include the muscle creatine kinase (MCK) gene (Weintraub et al., 1991; Zambetti et al., 1992) ; the gene coding for the MDM2 protein (Juven et al., 1993) which negatively regulates p53 function; the gene coding for the proliferating cell nuclear antigen (PCNA) which is implicated in the DNA replication and the nucleotide excision repair in vitro (Shivakumar et al., 1995) ; the GADD45 gene (Kastan et al., 1992) which codes for a protein that binds to PCNA; the WAF1-CIP1 gene which codes for a 21 kDa protein that inhibits the kinase activity of the cdk2-cyclin complex required for the G 1 to S phase transition in the cell cycle (El-Deiry et al., 1993) ; the IGF-BP3 gene which codes for the binding protein of IGF1, a negative regulator of cell proliferation (Buckbinder et al., 1995) ; the bax gene (Miyashita and Reed, 1995) whose product is involved in the regulation of apoptosis; and the gene coding for cyclin G (Okamoto and Beach, 1994 ) whose function remains unclear. A consensus sequence containing two decamers of the type: Pu Pu Pu C A/T T/A G Py Py Py, separated by 0 to 13 bp are identi®ed in the promoter and/or an intronic region of all of these genes.
Using a Saccharomyces cerevisiae-based screening method to identify human genomic sequences that could activate the transcription of a reporter gene in a p53-dependent manner, Tokino et al. (1994) found 57 dierent human p53-tagged sites. This led them to estimate that the total number of such sites in the whole human genome would range from 200 to 300. These results strongly suggest that all of the p53-targeted genes have not yet been identi®ed. In order to better understand the functional activity of p53, the knowledge of these genes would be of great help.
In this paper, we present experimental data showing that a minimum of four decamers are required for an ecient trans-activation by p53. In the light of these results, we designed a computer approach to discriminate among the large number of genomic sequences in a database, the genes harbouring p53-binding consensus sequence containing four decamers and which consequently could potentially be activated by this protein. This led us to identify a new functional p53-responsive element in the IGF-BP3 gene promoter and to propose a list of candidate genes for trans-activation by p53.
Results

A new look at sequences known to be bound by p53
The 19 sequences published by El-Deiry et al. (1992) were aligned with the motifs present in the MCK, GADD45, MDM2, cyclin G, PCNA, WAF1, IGF-BP3 and bax genes known to be trans-activated by p53 (Figure 1 ). The alignment reveals that 14 out of 19 sequences ( Figure 1a ) present at least an additional decamer PuPuPuCA/TT/AGPyPyPy, located at the most 13 bp either upstream or downstream of the two decamers of the El-Deiry consensus sequence. Furthermore, at least four decamers are found in the sequences of six of the genes known to be transactivated by p53 (Figure 1b) . In addition, 95% of the decamers bear a cytosine at position 4 and 100% have a guanine at position 7; 90 out of the 92 decamers exhibit at most three errors (base substitution, insertion or deletion).
To compare the error distribution for the two decamers of the consensus sequence and the additional decamer, each decamer was divided into two pentamers, pentamer A, corresponding to the degenerate sequence PuPuPuCA/T and pentamer B, The nucleotide sequences known to bind p53 are underlined (consensus sequence); in bold are the additional decamers found in the published sequences and in italic, the decamers with 4 errors corresponding to T/AGPyPyPy. We then counted the errors distribution for each pentamer. The results presented in Figure 2a show that the maximum number of errors is two for pentamers A and B of the two decamers consensus sequence, with an error frequency signi®cantly higher for pentamer A than for pentamer B (P50.007). The results of the analysis for the additional decamers (Figure 2b) show that the maximum number of errors per pentamer is two, as for the original consensus sequence, and that the error frequency is signi®cantly higher for pentamer A than for pentamer B (P50.05). However, on the average more errors are found in the additional decamers than in the two decamers of the original consensus sequence. Figure 3 shows the total number of errors: the majority of the two decamers consensus sequences bear one, two or three errors for each additional decamers.
Evidence showing that additional decamers are required for an optimal p53 mediated trans-activation
The MCK promoter was the ®rst shown to be transactivated by p53. It contains a p53-responsive element composed of four decamers; three errors are found on the two median ones, three and one on the upstream and downstream decamers, respectively. To assess the importance of the additional decamers for the eciency of trans-activation by p53, the additional upstream and downstream decamers were modi®ed by introducing two and three point mutations, respectively (Figure 4) . The 500 bp fragment from the MCK gene promoter including the natural (MCK4) or the modi®ed (MCK2) MCK p53-responsive element was inserted upstream of the minimum adenovirus major late promoter fused to the CAT gene coding sequence. CAT activity stimulation by p53 was moderate (threefold induction) when cotransfecting 5 mg of MCK4-AdCAT with 0.5 mg of pCMVhump53 (Figure 4) . This is in agreement with already published data (Zambetti et al., 1992) . This stimulation was abolished when the upstream and downstream additional decamers were disabled. These data clearly show that more than two decamers are required for an optimal trans-activation by p53. This is in agreement with results obtained by Kern et al. (1992) showing that the eciency of trans-activation by p53 is increased as the number of p53 decamers from the Ribosomal Gene Cluster (RGC) is augmented. Figure 4 In¯uence, in vivo, of the additional decamers on the transactivational activity of p53 on the MCK gene promoter. HeLa cells, lacking endogenous p53, were cotransfected with 5 mg of each CAT reporter plasmid (AdCAT without p53RE or pMCK4-AdCAT or pMCK2-AdCAT) and 0.5 mg of each p53 expression vector (pCMVhump53 (human wt p53) or pCMVDT21 (no p53)). The 500 bp MCK promoter fragment containing either the natural four decamer p53RE (MCK4) or the modi®ed two decamer p53RE (MCK2) have been fused to the minimal Adenovirus Major Late Promoter upstream of the CAT reporter gene (see Materials and methods). Empty bars, 0.5 mg pCMVDT21; full bars, 0.5 mg pCMVhump53. Results are expressed as fold induction, which corresponds to the ratio of the percentage of conversion obtained by the transfection of the plasmid containing a p53-responsive element, over the percentage of conversion obtained with transfection of the plasmid without a p53-responsive element (pAdCAT). Point mutations in the sequence of pMCK2AdCAT are shown. Results of ®ve independent duplicate experiments were averaged. The standard deviations are indicated 
Computer search for genes containing a p53-responsive element composed of at least four decamers separated by 0 to 13 bp According to our observations, together with the fact that most of the published sequences of functional p53-responsive elements contain at least four decamers (Figure 1b) , we set up the ®rst computer search to look for a p53-responsive element composed of four decamers, spaced by 0 to 13 bp, containing no more than two errors by pentamer and a maximum of nine errors for four decamers, and having at the most three errors in the consensus sequence as de®ned by ElDeiry et al. (1992) , and three in each additional decamer. Furthermore, only those decamers having a cytosine at position 4 and a guanine at position 7 were considered. The computer search was carried out using thè FINDPATTERNS' program of the GCG program group (Devereux et al., 1984) which is designed to use degenerate nucleotide sequences for the search. The sequence used for the computer search was composed of the four decamers as de®ned above extended by thē anking upstream and downstream thirty nucleotides to identify further additional decamers.
The search was carried out using the database of Duret et al. (1994) which consists of GenBank sequences sorted in gene families. We chose to limit our search to genes having a functional activity in cell proliferation, cellular adhesion or metastatic processes (such as oncogenes, kinases, proteinases, adhesion proteins, integrins, collagen) and those most often encountered in HOVERGEN (such as genes encoding T cell receptor chains (TcR), the major histocompatibility complex (MHC) and immunoglobulin kappa chains (IgK)). Finally, we discarded the genes lacking either a 5' non-coding region or intronic sequences. Out of the 7785 gene sequences analysed, we identi®ed 50 new genes (excluding the polymorphic TcR, IgK, MHC) which presented, either in the 5' non-coding region or in an intronic sequence, one or several potential p53 binding sites (Table 1) . Six of them were found in more than one species.
Eciency of the ®rst computer analysis by comparison with the list of already published sequences Table 2 shows that out of the eight genes known to be trans-activated directly by p53, six were selected by our computer analysis. For four of them (MCK, bax PCNA and cyclin G), the selected sequences overlapped the published sequences. In the case of the human WAF1 gene, the p53-responsive element identi®ed by the computer analysis is located within the promoter region shown to be involved in p53-mediated trans-activation, although not at the position proposed by El-Deiry et al. (1993) . Moreover, p53-binding sites were also identi®ed within the WAF1 promoter of other species (mouse and rat). Concerning IGF-BP3, the computer analysis did not select the p53-consensus sequences within intron 1 and 2 described by Buckbinder et al. (1995) . Instead, it recognized a sequence within the promoter region, including eleven decamers, 70 bp upstream of the TATA box. Experimental data provided below show that this sequence is a functional p53-responsive element.
Unexpectedly, two genes, -MDM2 and GADD45-, known to contain a p53 consensus sequence and to be directly trans-activated by the p53 protein were not selected. Closer examination of the region containing the consensus sequence revealed in both cases the presence of two adjacent decamers bearing a total of one error for GADD45 and three for MDM2. Additional decamers were found but contained either a deletion or a base pair insertion at position 5 which explains why they escaped our computer analysis (see Discussion).
Computer search for genes containing a p53-responsive element composed of a consensus sequence of two adjacent decamers¯anked with at least two additional ones
The study of the sequence of the p53-responsive element of MDM2 and GADD45 genes revealed that when the two decamers of the El-Deiry's consensus sequence are adjacent the composition of the additional decamers can be more permissive. We then did another computer analysis to sort out among the 7785 selected sequences, those which contained two adjacent decamers bearing no more than three errors in all and were¯anked with at least two additional decamers for which we accepted one base deletion or one base insertion between the C at position 4 and G at position 7. Out of the 21 genes selected (Table 3) only eight genes including MDM2 and GADD45 did not belong to the list of the 57 dierent genes ®rst identi®ed. A total of 65 genes were selected.
The IGF-BP3 gene promoter is p53 responsive Using a dierential cloning approach, Buckbinder et al. (1995) identi®ed the IGF-BP3 gene as a p53 regulated target gene. Examination of IGF-BP3 gene sequence allowed the authors to identify two p53-binding sites within the ®rst and the second intron. By computer analysis we localised another p53-responsive element within the promoter region 70 bp upstream of the TATA box. To explore the functional signi®cance of this new potential p53-binding site, CAT reporter gene plasmids containing the region of the IGF-BP3 promoter ranging from 7439 to 711 (+1 de®ned as the A of the ATG initiation codon) were constructed. This sequence includes the transcription initiation site (nt 7133), the TATA box and the 11 decamers assumed to be the newly identi®ed p53-responsive element. This DNA segment was subcloned in a promoterless plasmid, upstream of the CAT gene. Cotransfection assays were then performed into Saos-2 cells (which are de®cient in p53) using the pIGFBP3-CAT plasmid and a plasmid coding for wild type p53 GAACATGTCC CAACATGTTC ATCCTGGCTC tg GAACAAGCTC ttcg AGGCCAGCAT tgaaacaggg GACCGTGTCT GGTCAAGTTG GGACACGTCC GAGCTaAGTCC TGACATGTCT GGTCAAGTTG GGACACGTCC ggcgt CGGC TGTCG gag GAGCTAAGTCC TGACATGTCT pCMVhump53 and the CAT reporter plasmid deleted for nine of the 11 decamers (pIGFBP3dl-CAT). On the basis of these results, the 11-decamer region identi®ed by computer confers p53 responsiveness to the IGF-BP3 gene promoter. EMSA were then performed to determine whether the p53 protein could bind speci®cally to the 11 consensus decamers. For these experiments, wild type p53 protein ± puri®ed from an extract of Sf9 cells infected with a recombinant baculovirus ± was incubated with a 159 bp 32 P-labelled DNA fragment isolated from the IGF-BP3 promoter and containing the 11 decamers of the putative p53-responsive element. The results presented in Figure 6 reveal a complex which is supershifted when PAb 1801 (antibody directed against the human p53) is added to the reaction mixture. A 20-fold molar excess of a cold 32 bp sequence containing a perfect p53 consensus sequence, almost completely competed the labelled probe. The speci®city of the binding of p53 to the decamer region of the IGF-BP3 promoter was veri®ed by the fact that a 20-fold molar excess of an unlabelled 27 bp sequence devoided of any p53-responsive did not compete at all the labelled probe. This result shows that p53 binds speci®cally to the IGF-BP3 promoter within the 11-decamer region.
These data show that our set of criteria for computer analysis allows us to select p53 target genes bearing potentially functional p53-responsive elements.
Discussion
The present work provides computerised means of selecting from a database genes that can potentially be a b Figure 5 Functional analysis of the 11 decamers sequences from the IGF-BP3 gene promoter. (a) Sequence of the IGF-BP3 promoter (Cubbage et al., 1990) enlighting the 11 decamers (boxed sequences) including the TATA box (underlined) and the cap site. (b) The IGF-BP3 gene promoter is p53-responsive. Saos-2 cells, lacking endogenous p53, were cotransfected with 5 mg of each CAT reporter plasmid (pIGFBP3-CAT or IGFBP3dl-CAT (where the last nine decamers were deleted, i.e. up to the Apa-I restriction site)) and 0.25 mg or 0.5 mg of p53 expression vector pCMVhump53 (wt p53) or 0.5 mg of pCMVp53His175 (mutant p53) or pCMVDT21 (no p53). White bars, 0.5 mg pCMVDT21; hatched bars, 0.25 mg pCMVhump53; black bars, 0.5 mg pCMVhump53; grey bars, 0.5 mg of pCMVp53His175. Results are expressed as fold induction, which corresponds to the ratio of the percentage of conversion obtained by the cotransfection of the CAT reporter plasmid with the p53 expression vector (pCMVhump53), over the percentage of conversion obtained by the cotransfection of the CAT reporter plasmid with the expression plasmid without the p53 gene (pCMVDT21). Results of three independent triplicate experiments were averaged. The standard deviations are indicated trans-activated by p53. As a ®rst step, we derived from the known p53-responsive elements a sequence sufficiently restrictive to generate interpretable data but broad enough to allow all previously identi®ed genes to be selected. This sequence motif contains, in addition to the consensus sequence described by El-Deiry, two additional PuPuPuCA/TT/AGPyPyPy decamers separated from each other and/or from the two ®rst decamers of the consensus sequence by 0 to 13 bp. Each of these additional decamers tolerates at most three base pair substitutions, except when the two ®rst decamers (of the El-Deiry's consensus sequence) are contiguous. In this case the error in the median part (between nucleotide C and G) of each additional decamer could be not only one (or two) base substitution as accepted previously but also one base insertion or deletion.
By computer search, it was possible to ®nd the p53-RE of all genes known to date to be trans-activated by p53, but also of genes that have been shown by means of functional assays to be trans-activated by p53 and for which the speci®c binding motif for p53 had not been characterised yet, such as the genes coding for the immunoglobulin kappa light chains (Aloni-Grinstein et al., 1993) and Thrombospondin 1 (TSP1) (Dameron et al., 1994) . However, IGF-BP3 and WAF1 p53-responsive elements were identi®ed at locations different from those previously described. This is explained by the absence of additional decamers in the vicinity of the published p53-responsive sequences. It is interesting to note that these two genes were ®rst identi®ed by their property to be trans-activated by wt p53. We bring here experimental evidences showing that the IGF-BP3 p53-responsive element selected by us is functional. It is tempting to speculate about the possibility that both p53-responsive elements are functional and can cooperate by an eect of DNA looping as proposed by Stenger et al. (1994) .
Our search for other candidate genes was performed using the HOVERGEN database (Duret et al., 1994) which consists of a corrected version of the Genbank database, clari®ed and completed, to eliminate the problem of redundancy. Moreover, the sequences have been sorted by gene families. In addition, this database provides the phylogenetic trees. We were thus able to determine if a putative p53-RE was conserved among dierent species.
The search was carried out for the ten gene families listed in Table 1 . A total of 65 genes were selected. It is obvious that some of the selected genes may not actually be trans-activated by p53. However as the database contains sequences for dierent species, ®nding a gene having a consensus sequence in several species would further suggest a functional signi®cance.
Several studies based on functional analyses have shown the importance of the length of the spacer separating the two decamers. The ®rst consensus sequence reported by El-Deiry et al. (1992) permitted a spacing of 13 bp. According to Tokino et al. (1994) , this spacing allows the consensus sequence to speci®cally bind p53, but does not permit a fully ecient stimulation of expression of a downstream reporter gene. Accord- Competitions were made by using 20-fold excess (500 fmol) of unlabelled double-stranded oligonucleotides: either the non-speci®c (ns) or the p53-consensus sequence (cons). The mixture was incubated at room temperature for 20 min and analysed on a 3% nondenaturating polyacrylamide gel in 0.56TBE buer 
ingly, a deletion of the entire spacer leads to a considerable increase in p53 trans-activating activity.
Furthermore, experimental evidence have demonstrated the importance of a stereospeci®c alignment of the two decamers (Wang et al., 1995; Cook et al., 1995) . According to these authors, the activation of transcription is optimal when the two decamers are either directly adjacent, or separated by a helical turn (10 bp). This supports our observation that when the two decamers of the consensus sequence are contiguous (as for MDM2 and GADD45 genes) the composition of the additional decamers may be less restrictive.
The space between the two decamers of the core region may not be the only parameter in¯uencing the eciency of trans-activation by p53. Kern et al. (1992) have shown that increasing the number of p53 binding sites raises the level of trans-activation. These data taken together with our experimental results obtained by directed point mutation mutagenesis within the natural p53-responsive element of the MCK gene, strongly suggested that a functional p53-responsive element should be composed of at least four decamers. Moreover, using model promoters, Stenger et al. (1994) , demonstrated an ecient p53-mediated trans-activation when tandem consensus sites were close to TATA sequences, while distal redundant sites were relatively inecient. In the presence of proximal sites, however, stimulation by distal sites increased 25-fold. According to these authors, the level of transcription stimulation depends on the concentration of p53 molecules near the TATA box. In this aspect, we noticed that a number of genes selected by the computer search, actually contained a p53-responsive element composed of up to 10 decamers or more than one p53-responsive element.
In conclusion, the computer analysis of the 7785 gene sequences of HOVERGEN database has identi®ed 65 non-polymorphic genes which are good candidates to be trans-activated by p53, according to our newly de®ned set of criteria. This list includes a number of oncogenes, protein kinases and proteases which may have interesting interplays with p53. An experimental study of the putative trans-activation of some of these genes by the p53 protein is now in progress.
Materials and methods
Cells
HeLa cells (derived from a HPV-18 integrated human cervical carcinoma) and Saos-2 cells (derived from a human osteosarcoma) were obtained from the American Type Culture Collection and maintained in culture in DMEM and 10% FCS.
Plasmids
pCMVhump53 is an expression vector of human wild type (wt) p53 under the control of the cytomegalovirus immediate-early enhancer-promoter (CMV). The pCMVp53His175 plasmid encodes the human mutant p53His175 under the control of CMV (Ory et al., 1994) . pCMVDT21 results from the deletion of the b galactosidase coding sequence inserted between the two NotI restriction sites of the pCMVb plasmid (Clontech).
The pBS-MCK4 plasmid was obtained by inserting in the SmaI restriction site of pBS-KS(+) (Stratagene), the 500 bpfragment of the mouse MCK promoter containing the four decamers of the p53-responsive element as described by Zambetti et al. (1992) . This fragment was obtained by PCR ampli®cation with the oligonucleotide primers U-mck1 (ATTCCCCATCCTGGTCAT), L-mck3 (ATAGAGA-GAGTTCCAGAACAGC). The pBS-MCK2 plasmid was obtained from pBS-MCK4 by PCR directed mutagenesis, by introducing within the ®rst and the fourth decamer of the p53-responsive element two and three point mutations, respectively. The pBS-IGFBP3-PR plasmid was obtained by inserting between the PstI and BamHI sites of pBS-KS(+), a fragment of the human IGF-BP3 promoter sequence, obtained by PCR ampli®cation using the oligonucleotide pair U-PstI-igfbp3 (GCGCGCTGCAGGAGTGACTGGGGTGACC) and LBamHI-igfbp3 (CGCGGGATCCGGGGCACGCTGCTT). The recognition sequences of PstI and BamHI restriction enzymes are underlined. According to the sequence published by Cubbage et al. (1990) , the ampli®ed IGF-BP3 promoter fragment spans nt 7439 to nt 7 11 (+1 accounting for the A of the ATG). The sequence of each PCR ampli®ed fragment was controlled by using the chaintermination method (T7 sequencing Kit, Pharmacia, Uppsala, Sweden).
The pMCK4-AdCAT contains the CAT reporter gene (the HindIII/BamHI fragment from pASL-CAT (May et al., 1992) ), the minimal adenovirus Major Late Promoter (245 bp upstream of the major late initiation site) fused to the three Ad2 late leader sequences (the SacII/HindIII fragment isolated from PMLP10 (Levrero et al., 1991) ) and the 500 bp MCK promoter fragment isolated from pBS-MCK4. The pMCK2-AdCAT recombinant comes from pMCK4-AdCAT; the 500 bp fragment containing the wild type p53-responsive element of the mouse MCK promoter was replaced by the corresponding fragment of the pBS-MCK2 plasmid. pAdCAT was obtained by deleting the 500 bp MCK-promoter fragment of pMCK4-AdCAT. The pIGFBP3-CAT plasmid contains the CAT reporter gene (the HindIII/BamHI fragment isolated from pASL-CAT (May et al., 1992) ) put under the control of the 428 bp IGF-BP3 promoter fragment isolated from pBS-IGFBP3-PR. The pIGFBP3dl-CAT was obtained from pIGFBP3-CAT by deleting the last 213 bp of the IGF-BP3 promoter, up to the ApaI site.
Transfection and CAT assay
The cells were plated at 4610 5 (HeLa) or at 5610 5 (Saos-2) cells in 60 mm diameter petri dish and transfected by the calcium phosphate coprecipitation technique as already described (May et al., 1992) . Each petri dish received 0.5 ml calcium phosphate precipitate containing 5 mg CAT plasmid and 0.25 (or 0.5 mg) of either pCMVhump53 or pCMVp53His175 or pCMVDT21. The ®nal concentration of DNA was adjusted to 15 mg per 0.5 ml with pUC18. At 6 h (Saos-2) or 16 h (HeLa) after addition of the precipitate, cells were washed twice and incubated with fresh medium for another 23 h. CAT assays were performed as described (May et al., 1992 ) with 14 C-labeled chloramphenicol (54 mCi/mmol; Amersham Life Science). Results were normalized for protein concentration by the Bradford method. Acetylation was quanti®ed by cutting out the appropriate portion of the thin layer chromatography plate and quantifying the amount of radioactivity by liquid scintillation counting. Results are expressed as fold induction, which corresponds to the ratio of the percentage of conversion obtained with transfection of the plasmid with a p53 RE over that obtained with the plasmid devoid of p53 RE.
Puri®cation of wild-type human p53 protein
Wild-type human p53 protein was overexpressed in Sf9 cells using a baculovirus expression vector and puri®ed as previously described by Delphin et al. (1994) .
Electrophoretic mobility shift assays (EMSA)
For the assessment of p53 interactions with the IGF-BP3 promoter, puri®ed wild-type human p53 was incubated with the Klenow end-labeled 159 bp AccI/BstNI fragment isolated from pBS-IGFBP3-Pr. Twenty-®ve fmol (65 000 c.p.m.) of this fragment was incubated for 20 min at room temperature with 200 fmol of wild-type puri®ed p53 protein and 250 fmol of a non-consensus doublestrand oligonucleotide obtained by annealing the two partially complementary oliognucleotides, CTGGTAAG-GACAAGGGTTGG and TCCCAGCCCAACCCTT-GTCC., in 10 mM HEPES, 4 mM Tris pH 7.6, 150 mM NaCl, 8 mM dithiothreitol, 0.03 mM EDTA, 1 mM MgCl 2 , 10% glycerol, for a ®nal volume of 10 ml. For a supershift assay, 0.5 ml of the monoclonal antibody PAb 1801 (0.05 mg of Ab2; Oncogene Science) was added to the reaction mixture before the addition of the puri®ed p53 protein.
For competition experiments, 500 fmol (20-fold excess) of unlabeled double-stranded oligonucleotides containing (consensus) or not (non-consensus) a p53 binding site, were added to the binding reaction before the addition of the labeled probe. The ends of the consensus (nucleotide GTCGACG-GACATGCCCGGGCATGTCC annealed with itself) and non-consensus double-stranded oligonucleotides were ®lled with the Klenow fragment of the DNA polymerase. DNAprotein complexes were separated by electrophoresis against 0.56Tris-borate-EDTA buer on a 3% non-denaturing polyacrylamide gel at 200 V (2 watts) for 5 h, at room temperature.
